A prospective survey was conducted over a one-month period in all surgical patients admitted to the recovery room of a university-affiliated teaching hospital. Complications arising in the recovery room were documented by the nursing staff according to predefined criteria and were critically evaluated. A total of 443 patients were admitted to the recovery room and in 133 (30%) of these, some form of complication was noted. There were 86 patients with complications referable to the central nervous system, 68 with abnormal cardiovascular parameters, 24 with nausea and/or vomiting and 10 with abnormalities referable to the respiratory system. Many patients had more than one complication. The results are discussed, with emphasis on their relevance to current anaesthetic practice. It is concluded that many patients exhibit recovery room complications when they are specifically sought. The recovery period remains a time of great potential danger to patients.
In spite of the vast amount of anaesthetic literature dealing with the principles of care in the recovery room,I-3 it is surprising that information regarding the overall incidence and nature of recovery room complications is at best confusing and incomplete. 4 This study followed a lengthy (unpublished) audit of recovery room complications carried out by one of the authors (DGW) at Parkland Memorial Hospital, a busy university-affiliated hospital in the United States. In that study it was surprising to find an overall complication rate involving approximately 30070 of patients presenting to the recovery room.
It was decided to make a similar study at St. Vincent's Hospital (SVH),a 520-bed teaching hospital attached to the University of Melbourne. The surgical workload is of the order of 8000-ID,000 operative cases per year, ·B.Med.Se., F.F.A.R.A.C.S., Visiting Anaesthetist. **F.F.A.R.A.C.S., Staff Anaesthetist. and during the hours when this study was in progress, approximately 4% of recovery room admissions were emergency cases.
METHODS
During the month of November 1985, an assessment was made of all surgical cases admitted to the recovery room between the hours of 8.00 am and 9.00 pm when the recovery room is permanently staffed.
Complications were recorded by nursing staff on a systemised assessment form according to predefined criteria ( Table 1) . Details of the patient's age, sex, surgical procedure and technique of anaesthesia were recorded. The authors also assessed each reported complication prior to the patient's discharge from the recovery room. Surgical complications were excluded.
The postoperative routine at SVH is that patients are transported to the recovery room accompanied by the anaesthetist and are formally handed over to an experienced nurse. Information was entered on an Apple IIc computer and collated using the Appleworks data-base program (Apple Computer Inc.). The reported data was treated entirely as a descriptive overview of that sub-group of patients in whom specified complications were recorded.
RESULTS
During the period under review, 443 patients were presented to the recovery room following surgical procedures. Excluding thirteen patients who were only briefly unrousable and had no other complications noted, a total of 133 patients (30070) were documented as having one or more complications. Of these patients, 60 (45%) were female.
The anaesthetic techniques used in those patients who developed complications were relaxant anaesthesia, 77 cases (58%); spontaneous ventilation, 33 cases (25%); and regional anaesthesia, 23 cases (17 %). Of the regional anaesthetic cases, six were combined with some form of general anaesthesia.
A broad overview of the results shows 86 patients with complications referable to the central nervous system, 68 with abnormal cardiovascular parameters, 24 with nausea and/or vomiting, and 10 with abnormalities referable to the respiratory system ( Table 2) . Some patients exhibited more than one complication.
Central nervous system
Patients were assessed on arrival in the recovery room for their responses to verbal commands. Forty-one patients were unrousable for between 15 and 90 minutes. Of these patients, twenty (49%) had received an inhalational anaesthetic technique.
There were 39 patients who voluntarily complained of pain in the recovery room; 32 of these were noted at the time of arrival and of these, 27 (84%) had been given a relaxant anaesthetic. Furthermore, of those who complained of pain, two-thirds (67%) were female, which differs from the overall representation of females (45%).
Agitation or dysphoria was noted in 13 patients. The authors attributed six of these cases to pain, two to a pre-existing personality problem, one to a language problem, and in the remainder no specific cause could be determined.
Cardiovascular complications
Some form of cardiovascular derangement was documented in 68 patients. Hypotension was seen in 33 patients, hypertension in 13, and there were 32 cases in which new arrhythmias were documented (21 sinus tachycardias, seven sinus bradycardias, one rapid atrial fibrillation, one sinus tachycardia with frequent atrial ectopic beats, one nodal rhythm, and one ventricular bigeminy).
Of the 23 patients with tachyarrhythmias, all but three had a relaxant anaesthetic. Three potentially serious arrhythmias developed in the recovery room. An 89-year-old female patient, who had undergone insertion of a Zimmer hip screw under spinal anaesthesia combined with relaxant anaesthesia, developed rapid atrial fibrillation in the recovery room and required digitalisation. A 68-year-old male patient with known ischaemic heart disease and a history of congestive cardiac failure developed sinus tachycardia with multiple atrial ectopic beats following cholecystectomy and repair of an inguinal hernia. An ECG did not reveal any acute ischaemia and the arrhythmia resolved spontaneously. A 66-year-old female with a past history of ventricular arrhythmias developed multi focal ventricular bigeminy in the recovery room following a spinal anaesthetic. A 100 mg bolus of intravenous lignocaine resulted in temporary return to sinus rhythm.
Of the seven patients with bradycardia, four had a major regional block. None of these patients developed hypotension requiring pharmacological intervention.
Of the thirteen hypertensive patients, all were over 60 years of age and eight had a history of essential hypertension. Although we adopted 170 mmHg systolic as our baseline level of hypertension, most of the patients recorded as having postoperative hypertension had systolic pressures far in excess of this level. Apart from one patient who had a halothane anaesthetic following a failed spinal for internal urethrotomy, all the patients had relaxant anaesthesia. Pain was a prominent feature in only two of the cases and laryngeal spasm in a further two. There was no obvious aetiology for the hypertension in the remaining cases.
The 33 hypotensive patients were almost exactly evenly distributed between relaxant (12 patients), spontaneous ventilation (10 patients), and regional anaesthetic (4 epidural and 7 spinal) techniques. Intervention, in the form of intravenous fluid loading, head-down posture or vasopressors, was used in 21 of these 33 cases. Interestingly, only four patients, each of whom received a relaxant anaesthetic, showed a tachycardia in combination with hypotension. Only three patients suffered nausea and/or vomiting in association with hypotension.
Acute myocardial ischaemia, as evidenced by ECG changes, was seen in three patients, all of whom had a past history of ischaemic heart disease. A 63-year-old hypertensive male who underwent carotid endarterectomy under relaxant anaesthesia showed intraoperative S-T changes on the ECG which persisted into the recovery period. A 60-year-old hypertensive male who underwent a craniotomy for metastatic carcinoma showed intraoperative ECG changes suggestive of myocardial infarction. In the recovery room, he developed acute left ventricular failure, was re-intubated and transferred to the intensive care unit where the diagnosis of intraoperative sub-endocardial myocardial infarction was confirmed. A 75-year-old hypotensive, moribund male underwent femoral artery embolectomy under unilateral spinal anaesthesia. He had suffered previous myocardial infarctions three months and again two days prior to this surgery. At the time of surgery it was not recognised that his haemoglobin concentration was 5.7 gm/dl. He had a further myocardial infarction intraoperatively.
Despite the intraoperative origins of all three cases of acute myocardial ischaemia, they have been included as complications because of their persistence in the recovery period and their association with other noted cardiovascular complications.
Respiratory complications
There were ten patients with some complications relating to the respiratory system.
Central cyanosis was seen in four patients. In two of these cases the cause was postoperative acute pulmonary oedema with associated bronchospasm. Both patients were re-intubated in recovery and transferred to the intensive care unit. A third patient was premedication, causing hypoventilation. The fourth persistent partial paralysis.
given heavy profound patient had Three patients experienced laryngeal spasm in the recovery room, although none of these episodes was severe enough to result in cyanosis or to require aggressive intervention, such as muscle relaxation or re-intubation.
There were four cases of drug-induced hypoventilation. An 89-year-old female developed postoperative Cheyne-Stokes respiration and cyanosis secondary to heavy premedication (temazepam 20 mg orally). A 25-year-old female with the Budd-Chiari syndrome and associated hepatic encephalopathy underwent surgery for the insertion of a Denver Shunt. After receiving nitrous oxide, enflurane and fentanyl 200 J..Ig, she required prolonged postoperative mechanical ventilatory support. A 54-year-old male undergoing stapedectomy presented with narcotic-induced respiratory depression which required antagonism with naloxone. A 47-yearold male who underwent a craniotomy arrived in the recovery room cyanosed as a result of partial paralysis.
Finally, a five-year-old 18 kg male child was anaesthetised for transfer of an abdominal flap to the forearm using a size 6.0 mm endotracheal tube. On arrival in the recovery room, he was noted to have inspiratory stridor which settled incompletely prior to his discharge to the ward 100 minutes later. This patient had inspiratory stridor for the next four hours and a croupy cough overnight.
Gastrointestinal tract
There were 24 cases of nausea and/or vomiting. Nausea alone was present in eleven patients, while nausea and vomiting occurred in thirteen other patients. Almost two-thirds (63070) of all patients in this group were female.
Other complications
Other complications which were noted included oliguria (5 cases), hypothermia (2 cases), and one case of a hyperglycaemic acidosis in an insulin-dependent diabetic.
Nursing staff to patient ratio
We requested that the nursing staff document the nurse-to-patient ratios whenever a complication was recorded. On 17 reported occasions, the ratio of nursing staff (trained in recovery room care) to patients fell short of the recommendations of the Faculty of Anaesthetists, Royal Australasian College of Surgeons. 5 This figure understates the true incidence of inadequate staffing because occasions were not recorded when the ratio was unsatisfactory, but no patient complications had occurred.
DISCUSSION
The recovery room as we know it today is a specialised area in which intensive monitoring and care is applied to all patients emerging from general or regional anaesthesia. The development of such an area lagged far behind that of general anaesthesia. Although Florence Nightingale described the first use of a recovery room in 1863 6 , it was not until 1923 that the first such facility was formally opened. The increasing complexity of surgical procedures attempted in the 1920s and 1930s, coupled with the severe nursing shortages experienced during World War 11, acted as a major impetus for the evolution of the recovery room.
The recognition that the immediate postanaesthetic period is a time of high risk of morbidity and death was first addressed by the 1947 report of the Anesthesia Study Commission of the Philadelphia County Medical Society. 7 This eleven-year study reported on 307 patients who died within 24 hours of the induction of anaesthesia. Nearly half of these deaths were classified as preventable and in 631110 of this group, death was considered primarily due to unrecognised airway obstruction. All occurred in the immediate post-anaesthesia period. Within two years of the release of this report, contemporary opinion had changed to the extent that the Operating Room Committee for the New York Hospital categorically stated that an adequate recovery room was a necessity in any hospital undertaking modern surgical therapy.s
The role of the recovery room was vindicated in 1951 when Lowenthal and Russell were able to report on 35,000 recovery room cases handled over a seven-year period. In their institution, there had been two cases of acute respiratory obstruction following thyroidectomy immediately prior to this study. One of the patients died. During the period of the study, there were no such serious complications when the recovery room was utilised. 9 The main function of a recovery room unit is observation. Simple parameters such as arterial pressure, pulse rate and respiration may give warning of impending catastrophe. But there should also be the provision for the use of more sophisticated monitoring equipment. Guidelines of the Faculty of Anaesthetists, Royal Australasian College of Surgeons, for the care of patients recovering from anaesthesia specify general principles, design features, equipment and drugs, staffing requirements and management and supervision. 5 Most of the current literature dealing with the recovery room care of the surgical patient refers only to the principles and guidelines of management rather than the actual nature and frequency of complications encountered. I ,2,lo,11
The relevance of the earlier published reports which did attempt to define these complications has diminished with the development of newer anaesthetic agents and techniques. 9 ,12.17 In our study there were 133 patients (301110) who had some form of complication as defined by our criteria ( Table 2 ). These were most frequent in the cardiovascular system, followed by central nervous, gastro-intestinal and respiratory systems.
The high incidence of cardiovascular problems reflects current emphasis in the literature and in contemporary teaching. ls -2o In our study, hypotension «100 mmHg systolic) was the most common parameter reported and accounted for almost half the cases in the cardiovascular category (33 of the 68 cases). Intervention, in the form of intravenous fluid loading, head-down posture or vasopressors, was used in 21 of these 33 cases, in our opinion reflecting hypovolaemia due to inadequate fluid volume replacement. We believe that the standard of care today requires that careful consideration be given to the use of intravenous infusions for all patients undergoing general or regional anaesthesia.
For patients with coronary artery disease, the potential dangers associated with perioperative sympathetic responses, particularly tachycardia, are well documented. 21 -24 However, the close attention paid to the intraoperative control of heart rate and blood pressure is often not maintained in the postoperative period. Two of the cases where intraoperative myocardial ischaemia was suspected were transferred to the recovery room with hypertension and tachycardia. Under these conditions, myocardial work and oxygen consumption are known to be high and this would not ameliorate any myocardial damage that may have already occurred. 18 There were 23 tachyarrhythmias found in this study, yet only two patients received modifying drug therapy. The use of atropine at the termination of relaxant anaesthesia is of some concern, and the availability of newer anticholinergic drugs which have minimal cardiac effects may be desirable. 25 ,26 We observed the development of three potentially serious arrhythmias, two of which required drug intervention. Many serious arrhythmias are observed during recovery from anaesthesia and surgery. 24.27-28 Although most of these develop and revert spontaneously, a significant arrhythmia cannot be ignored, particularly if myocardial function is impaired.
Hypertension was noted in 13 cases, all of whom were more than 60 years of age, most with documented preoperative hypertension. Specific antihypertensive therapy was never utilised in the recovery room. Serious sequelae to prolonged postoperative hypertension, such as arrhythmias, acute left ventricular failure or myocardial ischaemia, have been documented. 29 It is noteworthy that two of the patients who had proven intraoperative myocardial ·infarction had undergone vascular surgical procedures. This is consistent with reports highlighting the increased risk for patients undergoing this type of surgery. 30 Although it is expected that some patients will be initially unrousable on arrival in the recovery room, there were 41 patients who were unresponsive for more than 15 minutes. In view of the elimination characteristics of volatile anaesthetic agents, it is not surprising that approximately half of the patients in this category had received an inhalational anaesthetic. Because of the large number of patients who remain unresponsive for more than 15 minutes, we believe patients should be delivered to the recovery room in the lateral position whenever possible.
Anaesthesia and Intensive Care, Vol. 15 It has been stated that while pain is a common feature in the recovery room, it is less important in the immediate recovery phase when the residual anaesthetic drugs have an analgesic effect. \0 In our study, 39 patients voluntarily complained of pain, among whom eleven had associated hypertension or tachycardia and a further six were agitated or dysphoric. It is our impression in teaching hospitals that trainees may be overly concerned that patients be wide awake at the completion of surgery. While ideally we aim for a patient who is both alert and pain free, given the choice and a properly staffed recovery room, we believe that pain relief has a higher priority.
In our study, the incidence of nausea and vomiting is much lower than that reported in other studies since we did not actively solicit the subjective complaint of nausea. Studies of postoperative nausea and vomiting published during the 1940s and early 1950s reporte.d an incidence usually in excess of 50%.31,32 With the introduction of muscle relaxants and resultant lighter planes of anaesthesia, the reported incidence of nausea and vomiting is much lower of the order of 25OJoY It is more common in females and precipitating factors cited by some authors include obesity, premedicant narcotics, anaesthetic agents, the duration of anaesthesia, gastric distension, patient movement following surgery, and intraperitoneal, intraoral or gynaecological surgical procedures. 17,31.33-35 Pain often provokes nausea and vomiting and in such situations, opiates can effectively be used as anti-emetics. 36 Although postoperative arterial hypoxaemia is a common occurrence after major surgerY,37,38 clinically detectable signs are a late manifestation of respiratory dysfunction. In this study, intervention occurred promptly at the development of such signs and there was consequently no detectable long-term morbidity.
In conclusion, complications are detectable in the recovery room, when specifically sought, in around 30% of patients. The time in the recovery room remains a time of great potential danger to patients emerging from anaesthesia. A satisfactory outcome cannot be assured without close patient observation coupled with effective communication and prompt intervention in a well-staffed and equipped recovery room.
